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SIR FREDERIC STUPART 


By C. A. CHantT 
(With Plate VIII) 


OBERT FREDERIC STUPART was born on October 24, 
1857, at the village of Aurora, now a thriving town of three 
thousand population some 25 miles directly north of Toronto. His 
father was a retired English naval captain, which fact may account for 
the son’s intense loyalty to the British Empire. While a student at 
Upper Canada College, then located on King Street West in Toronto, 
he acted as a volunteer computer for the Magnetic Observatory a 
mile to the north, and in December 1872, when only 15 years old he 
became a member of its permanent staff. Professor G. T. Kingston 
was director of the Observatory from 1855 to 1880, and in 1871 he 
definitely inaugurated the Meteorological Service of Canada. He had 
received a grant of $5000 from the Dominion Government. The U.S. 
Signal Officer was authorized by the Washington Government in 
1870 to commence the regular issue of weather probabilities. Thus 
Mr. Stupart was officially connected with the business of weather 
forecasting from its very beginning on the North American continent, 
and until his retirement in 1929 he laboured incessantly and success- 
fully to increase its efficiency. 

Professor Kingston was not ready to commence at once the dis- 
semination of public forecasts. In 1873 he brought into the service 
Bertram C. Webber, and somewhat later Hugh V. Payne. To the 
staff thus formed was assigned the duty of plotting on outline maps 
the weather data received, partly by telegraph but chiefly by mail, 
and of analysing and interpreting the systems of curves thus 
obtained. 
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In May 1876, from telegraphic reports received three times a day 
from seven stations in Canada and fifteen in the United States, the 
staff of the office began making practice forecasts, and the first storm 
warning was issued on September 4, 1876, by Mr. Stupart, before 
he had reached his nineteenth birthday. About a month later the 
first public forecasts were issued. Previous to this time forecasts of 
storms were received from the Chief Signal Officer at Washington 
and the proper warning signals were displayed on the Great Lakes 
and the Atlantic coast. 

Professor Kingston resigned early in 1880, by which time the 
number of Canadian stations reporting by telegraph had increased to 
only 18. The next director was Charles Carpmael, and under him 
Mr. Stupart continued as a probability officer and inspector of 
stations until Mr. Carpmael’s death in 1894 when he himself became 
the head of the Meteorological Service and the Magnetic Observatory. 

In order to study the course of the great cold-waves across the 
continent and if possible to discover where they originated, the urgent 
need was to secure more telegraphically reporting stations distributed 
over the vast areas of northern and western Canada. For many years 
the farthest west station was Fort Garry (Winnipeg) ; then Medicine 
Hat in the south-east corner of Alberta was the limit; and even 
when the telegraph reached the Pacific Ocean there was a great void 
to the north from which no reports were received. 

In 1884 an expedition was despatched to obtain information 
regarding navigation through Hudson Strait and in Hudson Bay. It 
was in charge of Lieut. A. R. Gordon, R.N., who was deputy super- 
intendent of the Meteorological Service. Mr. Stupart was a member 
of the party and from July 1884 to November 1885 he lived alone 
on the shore of Hudson Strait, on an inlet called in his honour 
Stupart Bay, systematically recording weather conditions and the 
presence and motion of ice floes. This was valuable experience for 
him. On his return he attempted to correlate his observations with 
the simultaneous maps of the St. Lawrence region, but the gap of 
700 miles between Ungava Bay and Quebec City was too great to 
be bridged. Furthermore it has since been shown that the winter 
of 1884-5 at the Hudson Strait was abnormally severe. Before Mr. 
Stupart passed away he rejoiced to see the network of meteorological 


wr 


Sir Frederic Stupart 139 


stations, by virtue of wired and wireless telegraphs, stretching to the 
Arctic Ocean and to ships on both eastern and western oceans; but 
of the bitter north wind we still cannot say when it comes although 
we can with some assurance state whither it goes. ; 

Mr. Stupart attended international conferences in Paris, Inns- ‘pf 
bruck, London and other places, and out of his wide experience he ? 
was able to offer useful suggestions to his colleagues. Also, he 
obtained from them information of value in his own work in Canada. 
He was always anxious to co-operate in world-wide programmes. 
This led him to adopt new methods for measuring the intensity and 
duration of sunlight at Toronto, and to make extensive measurements 
of the heights and velocities of clouds. He endeavoured to have a 
magnetic observatory established by the Canadian Government in the 
region of Hudson Strait, but on account of the great expense of 
maintenance there the location chosen was at Meanook in northern 
Alberta. 

Mr. John Patterson, the present director, joined the Service in 
December 1909, and in the next and several succeeding years he car- 
ried out extensive investigations of the upper air at three stations 
in Ontario and one at Calgary in Alberta. This development pleased 
the director greatly. 

As a recognition of Mr. Stupart’s long, able and faithful service 
to Canada he was knighted on June 3, 1916. He retired July 1, 1929. F 

Sir Frederic was interested in a number of scientific societies. He fs 
became a member of the Royal Astronomical Society of Canada on 
April 22, 1890, and was president in the years 1902, ’03. He con- q 
tributed many notes and papers to its proceedings. For some years | 
he secured returns from Atlantic cable companies and tried to cor- 
relate disturbances experienced by them with the records of magnetic 
changes at Toronto. He also reported on sun-spots and precipitation 
and on earthquakes recorded at Toronto. The titles of some more 
extensive papers were “The Winds of the Globe”, “Is the Climate 
Changing?” “Variability of Seasons in Different Years’; and soon 
after the present building on Bloor Street was occupied he prepared 
a very interesting and valuable article on “Meteorology in Canada”. 
This gives many interesting details of his own experience. 

Of the Royal Society of Canada he was elected fellow in 1901 
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and he was president of Section III in the year 1913-14. To it he 
contributed papers on “The Meteorological Service of Canada”, “The 
Chinook in Southern Alberta and Temporary Inversions at Sulphur 
Mountain”, and on “Weather Forecasts and Upper Air Research”. 

In 1940 Sir Frederick was the oldest living member of the Royal 
Canadian Institute. He served on its Council from 1897 to 1919 
and was President from 1905 to 1908. 

He was an early president of the American Meteorological 
Society and an honorary life member of the Royal Meteorological 
Society, England. Sir Frederic died September 27, 1940. 

The British Association for the Advancement of Science held its 
yearly meeting in Toronto in 1897 and again in 1924. On each 
occasion a comprehensive Handbook of Canada was prepared for its 
members and the chapter on “The Climate of Canada” was prepared 
by Sir Frederic Stupart. He also contributed to the Canada Year 
Book for 1924 the section on the “Climate of Canada since Con- 
federation”; and to the Oxford Survey of the British Empire— 
America, the chapter on “The Climate of Canada.” In addition a 
number of his papers are to be found in Symons’s Meteorological 
Magazine (London) and other foreign publications. 

Sir Frederic married Miss Marion Dallas and the Stupart home 
was a very happy one. She died on November 3, 1931. During the 
last war their eldest son was killed in France. This was a very heavy 
blow to his parents. Two younger sons survive. A. Victor Stupart 
won the Distinguished Flying Cross in the previous war and is now 
in Toronto. Lieut.-Com. Leonard Dallas Stupart is in the Royal Navy. 
Doris, a daughter, was prominent in the application of occupational 
therapy during and after the previous war. She married Chester B. 
Hamilton, B.A.Sc., a prominent industrialist, and lives in Toronto. 

If a single word were used to describe Sir Frederic Stupart it 
would be ‘gentleman’. The present writer enjoyed his friendship for 
over forty years, and found him upright, loyal to his friends, faithful 
in his duties, kindly and helpful. He was a worthy citizen of Canada. 
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HER MAJESTY’S MAGNETICAL AND METEOROLOGICAL 
OBSERVATORY, TORONTO 


By A. D. THIESSEN 


Tue “Lost’’ REcorDs oF HER MajeEsty’s MAGNETIC AND 
METEOROLOGICAL OBSERVATORY, TORONTO 


HE records of the Toronto Observatory were never lost, only 
forgotten. They were rediscovered by Dr. F. J. W. Whipple, 
Director of Kew Observatory, in 1938 and returned to Canada early 
in 1939. They are now in the Library of the Meteorological Office 
in Toronto, and as there are two sets, the magnetic observations 
having been set out in duplicate, one set will be sent to the library 
of the Dominion Observatory at Ottawa. 
As Dr. Whipple, under date Nov. 18, 1940, has given us an 
interesting account of these records, it may be best to tell the 
story in his own words: 


The story of the books which were returned last year to Toronto is simple. 
When Sabine* was engaged in editing the records of the colonial observatories 
he carried on the work at Woolwich for many years with the assistance of non- 
commissioned officers in the Royal Artillery. Eventually the work was trans- 
ferred to Kew Observatory where the same non-commissioned officers were 
employed. They were of course directly responsible to Sabine. On the con- 
clusion of the great task the papers and original records were left at the obser- 
vatory and eventually they must have been placed in the attic of the building, 
known to later generations as the Clinical House, because clinical thermometers 
were tested there. 

In September 1938 Mr A. G. Harvey wrote from Glasgow to ask whether 
there were at the Observatory any records or field sketches made by David 
Douglas in North West America and the Sandwich Islands in the years 1830 to 
1834. He thought these records might be with the papers of Major Edward 
Sabine who had reported on him. 

The Sabine papers were brought down and examined. There was only one 
record of exploration. Strangely enough this was a work: of field sketches made 
on Thomson's River and Fraser River, in British Columbia, in April and May, 
1833. There was nothing to say who made the sketch maps but I was sure it 
must have been the David Douglas mentioned by Mr Harvey. 

Eventually, after consulting the Director of the Meteorological Office I sent 
the work to the Agent General for British Columbia and it is now deposited in 
the Provincial Archives, Parliament Building, Victoria. 

*COLONEL Edward Sabine, R.A., Superintendent of Colonial Observatories, 
Woolwich, 1839-53. 
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Mr Douglas has examined the book there and he wrote that from the hand- 
writing he had no doubt that it was David Douglas’s. He was able to identify 
the territory that had been sketched. 

There were a number of observation books containing magnetic observations 
made systematically by Sabine and other officers in towns and different parts 
of the world, but most of the material which had been stored was related to the 
colonial observatories. 

It was thought appropriate that the original observation books from Toronto 
should be returned to Canada. . . . The observation books for Cape Town were 
sent back there. Those for St Helena are retained at Kew Observatory. There 
was a great deal more information in the way of cash accounts and letters for 
Toronto than for the other observatories. . . 


Dr. Whipple also mentioned that a few sets of the volumes of 
Colonial Observations issued by Sabine have recently been found 
at Kew Observatory, and he expressed the “‘hope that, after the 
war, these will be offered to institutions likely to value them.” 
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Part V.—MAGNETIC SURVEY OF A PORTION OF THE DOMINION OF 
CANADA, CHIEFLY IN THE NORTH-WESTERN TERRITORIES, 
EXECUTED IN THE YEARS 1842-1844 


Before Lieut. Riddell was invalided home to England in Feb- 
ruary, 1841, Colonel Sabine and Sir John Herschel, Bart., had 
succeeded in persuading the Royal Society that it would be greatly 
desirable to undertake a magnetic survey of the British possessions 
in North America. ‘The advantages of making the survey whilst 
there is a magnetic observatory in Canada, to serve as a primary 
station for reference and comparison” were obvious, and plans for 
such a survey were drawn up by Colonel Sabine and accepted by 
the Royal Society. 

These included a recommendation that “the strength of the 
Canadian observatory be increased by one officer and one non- 
commissioned officer for three years; and an addition to be made 
to the instruments of 

One inclination instrument with two dipping and two intensity needles; 

One transportable magnetometer with unifilar and bifilar suspensions; 

One sextant and artifical horizon; 

Two portable stands.’’!” 

Colonel Sabine further ‘‘ascertained by personal communication 
with the Chairman of the Hudson’s Bay Company, that for a 
public undertaking of this nature, the Company is ready to furnish 
gratuitous canoe conveyance in the territories belonging to them.” 
In 1843, when the projected survey was in progress, Sabine reported 
to the British Association for the Advancement of Science that 
“every necessary order and instruction and every facility . . . had 
been most readily accorded, and in particular a circular [had] been 
issued to all the officers of the Hudson’s Bay Company, amounting 
to a carte blanche, commanding all the resources of the Company.’’” 

This arrangement led to a great deal of trouble, for, ‘in making 
the offer, in 1841, of ‘gratuitous canoe conveyance’ the Hudson's 
Bay Company had no idea of saddling itself with a heavy expense.”’ 
The Governor of the Company later directed the officers of the 
company to open accounts and to charge the expenses of the tour 


LeFROY, J. H., Diary of a magnetic survey of a portion of the Dominion 
of Canada, chiefly in the North-Western Territories; executed in the years 
1842-1844. London, 1883, p. vi. 

"Loc. cit. 

2B.A.A.S., London, 1848, p. 59. 
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to the Royal Society. ‘‘The Council had not anticipated or pro- 
vided for any such charges, and when about two years later a bill 
amounting to £1,277 was presented,”’ which did not include any 
charge for the personal entertainment of ‘‘the scientific traveller,” 
a difficulty occurred over it. It should be said at once, however, 
that “the justice of the claim was ultimately admitted, and a 
Treasury grant made which satisfied the Company.”’™ 

Lieut. C. W. Younghusband, R.A., was at first chosen to under- 
take this survey. Later, however, when Lieut. Riddell returned to 
England, Lieut. (later General Sir John Henry) Lefroy, who 
had been director of the colonial observatory at St. Helena, was 
appointed to succeed Riddell as director of the Toronto observatory, 
and also to undertake the magnetic survey of the North West 
Territories. Riddell was shortly afterwards appointed Assistant 
Superintendent of Magnetic Observatories under Sabine at Wool- 
wich,“ and Younghusband was detailed to remain in charge of the 
Toronto observatory until Lefroy should arrive in Toronto and 
also during the latter’s absence on the survey. 

Although Lieut. Lefroy was offered the observatory at Toronto 
in August, 1841, he did not arrive in Toronto until October 23, 
1842. And when he did arrive, he was so ‘‘absorbed in his 
approaching journey to the north-west”’ that he had little time to 
devote to the work in the observatory, nor, indeed, even to fall in 
love, although, at the home of Chief Justice Robinson, he sat at 
dinner with ‘‘the most beautiful girl, with perhaps two exceptions, 
who had ever met my eyes. . . .""* In March, 1843, it became 
necessary for him ‘‘to make a journey to Boston to take personal 

Op. cit., pp. ix-x. See also the following: ‘‘It is sufficient to say here 
that on my return a bill from the Company for £1,277, for which no provision 
had been made, was presented, and Colonel Sabine threw the blame on me, even 
to the extent of denying that he had ever authorized me to winter in the north- 
west. Ultimately the Company recovered from the Government (but not before 
November, 1847) a sum of £850, which amply covered the real expenses. It 
required all the influence of Herschel to get round the Treasury.’’ Lefroy adds: 
“‘T have in a connected form the correspondence relating to this."’ (At least, 
as far as I am aware, this correspondence has not been published. —Editor.) 
Lerroy, Autobiography. . . p. 64 

“See letter below: YOUNGHUSBAND. Toronto, May 24, 1842. 

MLeFROY, JOHN HENRY. Autobiography of General Sir John Henry Lefroy, 
ed. by Lady Lefroy [and] ‘‘printed for private circulation only”. P. 19. 

’Jbhid., p. 63. The girl was Emily Robinson who later, April 16, 1846, 
became his wife. Jbid., p. 107. 
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charge of a set of new transportable magnetometers devised by 
Riddell (and Jones the instrument maker).’’ After returning with 
the instruments he had but a short stay of three weeks in Toronto, 
and on April 13, 1843, he set out for Montreal on the first lap of 
his journey to the Hudson Bay Territory.” 

Lefroy has left a lively narrative of his journey to the Hudson 
Bay Territory in 1843 and 1844, which is to be found in an 
Autobiography, printed by his widow in 1895 “‘for private distribu- 
tion only.”” This book is extremely rare, but the part dealing with 
the magnetic survey has been published by Mr. W. S. Wallace, 
F.R.S.C., in the Transactions of the Royal Society of Canada, in 
1938, Section II, pp. 67-96, under the title: Sir Henry Lefroy’s 
Journey to the North-West in 1843-4. Appreciation is expressed 
to Colonel Charles MacInnes of Toronto, a grand-nephew of Lady 
Lefroy, for permission, on behalf of the family of General Sir John 
Henry Lefroy, to quote passages from the Autobiography in the 
following pages. 

The scientific data of this journey were published by Lefroy in 
1883 in a book entitled: Diary of a Magnetic Survey of a Portion 
of the Dominion of Canada, Chiefly in the North-Western Territories 
Executed in the Years 1842-1844. The Autobiography gives a 
“vivid and entertaining” description of Lefroy’s experiences; the 
Diary is strictly scientific in character, and in it Lefroy reports the 
aims and results of the expedition. Something of the difficulties 
arising out of the uncertain agreement with the Hudson’s Bay 
Company is mentioned in the Preface to the Diary. 

Further light is thrown on the circumstances of this survey by 
the following letters, which were found among the others and are 
here being published for the first time. 


Copy of a letter to Sir George Simpson, Governor-in-Chief of 
Rupert’s Land, forwarded to Colonel Sabine on May 24, 1843. 


Montreal, September 25, 1842. 


Dear Sir 
I have received the sketch of the route recommended by you, and have given 
it my best consideration. It appears to embrace every point of importance in 
the Magnetic Survey, and if fully followed out by me will I believe leave little 
to be wished towards the fulfilment of the scientific objects in view. 1 therefore 
feel that I cannot do better than adopt it. At the same time as I am inexperienced 
Jbid., pp. 63, 64, and 65-103. 
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and unseasoned in such extensive undertakings and as a definite decision is not 
immediately required, it appears to me better to leave my course after returning 
to Norway House from York Factory as for the present undetermined. 

It may facilitate all arrangements if I explain fully what I conceive to be 
requisite to ensure the attainment of the objects of my expedition, and to promise 
a due and adequate result from the important and liberal assistance of the 
Hudson’s Bay Company. 

There are three classes of magnetical observations for which I am provided. 

1st. Daily observations occupying not more than two hours and which 
may be made at any time of daylight. 

2nd. Occasional determinations, for which three or four hours will be 
requisite and which will be sufficiently numerous if made at the principal posts. 

3rd. Observations expressly made for comparison with the magnetic 
observatories, and which might be continued for 24 hours, besides one or two 
hours for preparation. A less continuance than about 12 hours will be of little 
value, but if I knew the days when the Brigade would halt for 24 hours, I could 
make arrangements for those days being observed at all the American Magnetic 
Observatories. The 26th May, 21st June, 19th July, 25th August, 20th Sep- 
tember, 1843, are the days already agreed upon for these purposes, considered 
commencing at 40 m. past 10 p.m. at Greenwich, which will be about midday 
with us. . . The principal value of a winter at any post will be for the sake of 
this last class of observations. The ten days you allot toa stay at York Factory 
will also permit them. They are of much value. 

As the safe conveyance of many delicate instruments will be a matter of 
very anxious care, occasional halts will be of great value for their examination. 

I have prepared a list of my instruments in the order of their necessary 
importance. The minimum equipment to obtain any magnetic results of value 
may be brought well within the compass of 50 Ibs. weight. 

I shall feel obliged if you will furnish me with some document such as circular 
letter, to serve for my personal credentials and to explain to all concerned the 
nature and extent of the assistance which the Hudson’s Bay Company affords 
to the Magnetic Survey of British North America. I beg to be informed of 
whether I shall be able to obtain occasional supplies of clothing and other neces- 
sary articles for the personal use of myself and assistant upon giving my receipt 
for the same, and acknowledgment for the amount which will be payable at 
Montreal or in London or what arrangement is customary. 

Allow me in conclusion to repeat that personal considerations give me little 
concern. The safe conveyance of an adequate equipment of instruments and 
the securing sufficient time for satisfactory employment of them are my principal 
anxiety. A small number of complete and good determinations upon known 
stations will have greater value than a much greater number of hurried and 


imperfect ones. 
I have, etc. 


J. H. Lerroy, etc. 
To Sir George Simpson 


Route for Lieutenant Lefroy from 1843 to 1846, as recommended 
by Sir George Simpson. Forwarded to Colonel Sabine on May 24, 
1843. Atruecopy. J.H.L. 
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1843. Starting from Lachine early in May, proceed up the Ottawa, and Mattawa 
Rivers, cross Lake Nipissing, descend the French River, coast the eastern shores 
of Lake Huron and reach the Sault de Ste Marie about the 15th or 18th of May. 

Trace the eastern shore of Lake Superior, to Fort William, ascend the 
Kaministaquoia River, pass a chain of rivers and lakes to Lac la Pluie, thence 
through the Lake of the Woods, down the River Winnipeg to Lake Winnipeg, 
on to Norway House, and thence to York Factory, arriving there about the Ist 
of July. Start from thence about the 10th, mount the Hill River, pass by 
Norway House, cross the northern end of Lake Winnipeg, to the Grand Rapid, 
ascend the Saskatchewan to Cumberland, thence to Carlton and Edmonton, 
where you may arrive about the 20th September. From thence proceed to 
Fort Assiniboine on the Athabasca River, Lesser Slave Lake and Dunvegan on 
the Peace River, so as to arrive there about the middle of October. Start from 
thence about the middle of December, descend the Peace River, touching at 
Vermillion, to Fort Chipewyan on Athabaska Lake, so as to arrive there about 


1844. the middle of January, from thence proceed to Great Slave Lake, and 
return to Fort Chipewyan, about the middle of February. Leave Athabaska 
Lake about the 20th May, get to Norway House about the 20th June, from thence 
proceed by small canoe by Poplar River to Osnaburg, thence to Martin's Falls 
and Albany, and from thence to Moose, so as to arrive there in August, and 
either continue the voyage up the Abitibi River by Temiscamingue, so as to 
arrive at Montreal the latter end of September by water, or else remain at Moose 
until the setting in of the winter and travel by ice. 


1845. Renew your voyage the spring of 1845 by the Brigade to Norway House, 
thence accompany the Columbia Brigade to the shores of the Pacific, leaving 
Norway House about the Ist August, and arriving at Fort Vancouver about the 
25th October, in time tc take your passage from thence by the Company's ship 
(bound for England) to the Sandwich Islands, there remain until the month of 


1846. February, 1846, and take your passage thence per the Hudson's Bay 
Company's ship from England to Sitka, so as to arrive there about the 20th April; 
from thence cross the northern Pacific in one of the Russian American Company's 
ships to Okhotsk, so as to arrive there from the Ist to 10th July, and by travelling 
expeditiously you may get to St Petersburg from the Ist to 10th October, in time 
to join the last steamer of the season to England. 


True copy Lachine near Montreal, 
J. H. Lefroy, 25th April, 1843. 
Lieut. 


[Forwarded to Colonel Sabine on the 24th May, 1843. ] 


Lachine near Montreal 
To the Gentlemen 26th April, 1843. 
in charge of Districts 
and posts in the Service of 
The Honorable Hudson's Bay Company. 
Gentlemen 
This will be handed you by J. H. Lefroy, Esquire, of the Royal Artillery, 
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who under the direction of Her Majesty’s Government, and of the Royal Society, 
proceeds to the Interior for the purpose of making Magnetical Observations; and 
I have to beg that every facility, and assistance he may require, and which the 
circumstances of the Country and Service may admit, be afforded him towards 
the accomplishment of the important, and interesting object of his mission. 

Mr. Lefroy takes his passage, accompanied by a servant, by the Brigade 
for the northern department, to start in the course of a few days hence, and 
Mr. McLean, the Gentleman in charge of that Brigade, is hereby instructed to 
afford two hours a day for magnetical observations; four hours at each post, and 
twenty-four hours commencing from midday on the 26th May and 21st June. 

Should Mr. Lefroy require the assistance of any of the Company’s servants 
for the purpose of conveying him from post to post, or on any other duty con- 
nected with his mission, they are to be placed at his disposal, with such craft 
and appointments as may be necessary; and his demands in clothing and other 
supplies may be complied with, for which receipts are to be taken from him at 
each post, and an account opened with the Royal Society, to which will be 
charged the wages of such servants, and the prices of craft, appointments, cloth- 
ing, etc., etc. 

It is to be understood that Mr. Lefroy is to be at liberty to proceed to any 
part of the country he may desire, and to make such stay at the different posts 
as he may determine upon; and strongly recommending that Gentleman to your 
kindest personal civilities and attentions 

I remain, Gentlemen, 
Your most obedient, humble servant, 
GEORGE SIMPSON. 


True copy, 
J. H. Lefroy, Lieut. 


[Forwarded to Colonel Sabine on the 24th May, 1843.] 


Lachine near Montreal 
26th April, 1843. 
My dear Sir 

I have the pleasure to acknowledge your favor of yesterday, and shall reply 
to such points as appear to require immediate notice. With regard to the plan 
of route suggested by me, it will be quite unnecessary to come to any decision 
thereon until after you arrive at Norway House, on your return from York in 
the month of July or August next. 

As to the time required for your daily observations you may count on having 
two hours daily, with few exceptions, throughout the voyage, and at each of the 
principal posts 3 or 4 hours will be afforded for occasional determinations. Obser- 
vations made for comparison with the magnetic observatories requiring 24 hours 
may be counted upon at the different dates you mention. 

With regard to the examination of your instruments, that can only be done 
while making portages or during encamping hours, as any delays on the voyage 
beyond what have been already allowed, would be attended with great incon- 
venience, as during the short season of open water, every hour is of importance 
towards the accomplishment of our extensive canoe voyages. 
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Herewith I forward a circular, which I have no doubt will be found sufficient 
to insure you every assistance and facility you may require towards the accom- 
plishment of the very interesting objects of your mission, all necessary clothing 
may be obtained on the Route, for which, and all other supplies it will be necessary 
to grant a receipt at the different posts and an account will be opened with.the 
Royal Society to which such supplies will be charged. 

Believe me, 
My dear Sir, etc. 


GEORGE SIMPSON. 
To 


J. H. Lefroy, Esq. 
Montreal 


The above itinerary was pursued in part only. The following 
summary shows the route actually taken by Lefroy in his survey, 
which he completed between April 30, 1843 and December 5, 1844. 
A few of the more important halting points have been selected 
to indicate the approximate route as described in LEFROy’s Auto- 
biography, pp. 65-103. 


Sault de Ste Marie 


Lake Superior and 
Lake Winnipeg 


A la Crosse 


“The pleasures of travelling were already somewhat on the wane. The days 
were getting short and the nights cold. . . we had constant rain. ‘I ate my 
breakfast with a plate half full of water and my tea well cooled’.’’"—A utobiography, 
p. 79. 


Clearwater River 

September 23, 1843 to March 5, 1844...... Fort Chipewyan 
Here Lefroy and his men built a temporary observatory, and on October 15 
began taking observations, ‘‘hourly, day and night, by Corporal Henry”’ (Lefroy’'s 
batman) ‘‘and myself, and on all occasions of magnetic disturbance at intervals 
of about two minutes, for hours together. I do not wish to lay too much stress 
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on this effort, but as Sabine never gave me any credit for it, I must just remark 
that I know of no other instance of like exertion. Riddell,’ (Director at Toronto, 
1839-41), ‘‘writing to my mother before my return, said: ‘Your son has done 
wonders in the way of observing, having kept up hourly observations for about 
six months, with only one assistant—a quantity no one could in the least have 
looked for, but which will be well worth the labour now it is done’.’-—Auto- 
biography, pp. 83-84. 


March 26-May 25, 1844.............2006- Fort Simpson 


“I carried on hourly observations as assiduously at Fort Simpson as I had done 
at Fort Chipewyan.’’—Autobiography, p. 92. 


‘Fort Good Hope was marked on Arrowsmith’s map as just within the Arctic 
circle; to my disappointment it had since been moved about two degrees to the 
south, and was now placed in latitude 66° 16’. We. . .stayed thirty hours. 
The weather was cloudy, but not unfavourable for magnetical observations, and 
it was as light at midnight as at noon. Here I got my greatest dip, 82° 55’ 9”, 
and it was here. . . that the famine of 1842-3 was felt in its greatest intensity. 

‘‘We started southwards again on the 3lst May.”—Autobiography, p. 93. 


“I had made up my mind that it was impossible to ascend Peace River as far 
as Dunvegan, cross the plains to Edmonton and reach Canada before the closing 
of navigation, and so indeed it proved, but it was a very close thing.'’—Auto- 
biography, p. 95. 


Sault de Ste Marie 


Lefroy’s tour ended in Toronto, but as he still had a little 
business to settle at Hudson’s Bay House, Lachine, and to report 
himself to the military authorities, he continued on to Montreal, 
and returned to Toronto on Dec. 5, 1844. 


(To be Continued) 
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THANKSGIVING DAY* 


STATEMENT FROM THE PUBLIC ARCHIVES OF CANADA 


EFORE Confederation, days of thanksgiving in British North 
America were appointed by proclamation of the Governor 
General or more particularly by the Governor of the Province or 
Colony. Probably the first of these was solemnized in Nova Scotia 
on September 28, 1763, which had been appointed and proclaimed 
by the Governor as a day of solemn fasting and thanksgiving for 
the conclusion of the Treaty of Peace between Britain and France. 
Proclamations of Thanksgiving and fasting on account of similar 
events were issued in all the Provinces and finally the harvest 
festival of Thanksgiving was generally observed in some of the 
Provinces. The question of a general Dominion observance soon 
came up before Lord Monck, the first Governor General after 
Confederation, and it is recorded in Sir John A. Macdonald's 
correspondence that “‘it was then considered that it would be more 
expedient to leave the Government of each Province to deal with 
the matter.’’ Ina letter to the Right Rev. Ashton Oxenden, D.D., 
Anglican Bishop of Montreal, who apparently had been urging a 
general Thanksgiving Day for the Dominion, Sir John wrote on 
October 10, 1870: ‘‘Before Confederation the Governor of each 
Province issued his own proclamation, and we think it well that 
the same practice should continue. We have determined therefore 
to leave it still in the hands of the several Governors, and, in doing 
so, we follow the example of the United States.” 

Representations continued to be made on behalf of church 
bodies urging a day of National Thanksgiving after the manner 
and example of the United States. For instance on October 15, 
1878, the Reverend Gavin Lang of Montreal, General Secretary of 
the Dominion Evangelical Alliance, wrote Sir John recommending 
on behalf of a meeting of representative clergymen of various 
churches held in Montreal ‘‘the appointment by His Excellency and 
the Dominion Government of a Thanksgiving Day for the whole 

*EpiToRIAL NoTte.—Information regarding the origin of the observation of 
Thanksgiving Day in Canada by Government proclamation was not easy to find. 


The Public Archives of Canada, located at Ottawa, kindly made search of their 
records and have supplied the present statement. 
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Dominion.” It was further urged that ‘‘the appointment of the 
same day as that observed in the United States would be most 
convenient and most suitable.”’ 

These representations seemed to have prevailed, for on October 
9, 1879, a proclamation was issued by the Marquis of Lorne, 
Governor General, setting apart and appointing Thursday the 
sixth day of November as ‘‘a day of General Thanksgiving to 
Almighty God for the bountiful harvest with which Canada has 
been blessed this year.” 

This was the beginning of the appointing and observing of 
National Thanksgiving Day in Canada. For many years there- 
after, it was observed on a Thursday as in the United States but 
usually on the first, second or third Thursday in November as 
against the last Thursday in November as originally appointed by 
President Lincoln by proclamation in 1863. So Canada has been 
proclaiming a Thanksgiving Day almost as long as the United 
States. 

But in Canada Thanksgiving has always been a ‘“‘movable feast.”’ 
After the turn of the century in response to the popular demand for 
the long week-end holiday, Monday was designated instead of 
Thursday as Thanksgiving Day. The date is chosen and proclaimed 
annually by the Governor-in-Council. In the United States the 
Thursday precedent is continued, but in 1939 President Roosevelt 
made a departure by designating the third Thursday in November 
as Thanksgiving Day. This has led to some confusion since sixteen 
States in 1940 still continued to set part and to observe the fourth 
Thursday as Thanksgiving Day. In Canada the day appointed for 
Thanksgiving is observed by the whole Dominion as if it were a 
statutory holiday. 
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THE VISUAL PHOTOMETRY OF VARIABLE STARS 


By H. Boyp BRYDON 
(Continued from page 32) 


II 
OBSERVATIONS OF NOVAE 


EFORE proceeding to the discussion of instrumental methods 

of photometry, a brief note on the observation of novae is given. 

This is particularly desirable because plans have been completed 

recently by the A.A.V.S.O. for a comprehensive and persistent 

patrol of the sky for novae, thereby increasing the chance of their 
prompt discovery. 

Each participant in this programme undertakes when possible 
to examine the whole visible sky once on every clear night to iden- 
tify all stars brighter than the second magnitude, numbering about 
thirty on any one night, and to search carefully for any stranger 
among the naked-eye stars shown on the chart of the region, about 
ten degrees square, assigned tohim. Thus the work, which requires 
no other apparatus than one’s eyes, affords a splendid opportunity 
to learn the constellations as well as aiding in astronomical research. 

Apart from the great interest of watching the outburst of a nova, 
its minute observation is of great value. There are many matters, 
especially in the earlier stages, upon which fuller information is 
needed. 

In the observation of a nova, therefore, too much stress cannot 
be laid upon the importance of recording what is actually seen and 
only what is actually seen. Accurate observation being easier when 
the element of surprise is reduced by knowledge of the possibilities 
of the case, I am glad to present here, by his kind permission, a 
brief summary of the several stages in a typical nova outburst as 
given in a valuable and instructive paper by Dr. D. B. McLaughlin.“ 

Except for variations in the case of individual stars these stages 
are: 

§(1) The pre-nova stage during which the star remains constant 
or irregularly variable through a small range. 

(2) The initial, very rapid rise. 

4*The Light Curves of Novae’; Pop. Ast., 1939, Oct., Nov., Dec., pp. 410f. 
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(3) At about two magnitudes below the ultimate maximum a 
pause, or even a slight fading, occurs. 

(4) The final rise then proceeds more slowly to 

(5) The very brief stage of maximum light. 

(6) The early decline. It may be smooth or marked by strong 
fluctuations, some having maxima but little lower than the prin- 
cipal maximum. At about three and a half magnitudes below the 
maximum this stage merges into 


PRE-WOVA POST-NOVA 


Fig. 11—Schematic Light Curve of a Nova showing typical 
stages. The time scale has been magnified in the early portion of 
the curve. 


(7) The transition stage. Here novae exhibit their greatest 


_individual differences. There may occur (a) a series of strong oscil- 


lations, not to be confused with the fluctuations of the previous 
stage; (b) a single broad minimum of varying depth followed by a 
recovery; (c) a sudden change to a gentler slope. This stage ends 
with the star about six magnitudes below the maximum. 
(8) The final decline then proceeds slowly and uneventfully to 
(9) The post-nova stage, quite similar to the pre-nova condition. 
Fig. 11, a reproduction of Dr. McLaughlin’s Fig. 3,47 presents an 
idealized light curve in which these several stages are labelled. 


III 
INSTRUMENTAL PHOTOMETRIC METHODS 


It may be said that the probable error of a single naked-eye 


47] am indebted to Dr. C. H. Gingrich, Editor of Popular Astronomy, for the 
use of the cut for Fig. 11. 
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observation will be not less than 0-2. mag. and may easily reach 
0.5 mag. For greater accuracy than this some form of photometer 
must be used. 

In general photometric work the aim is to produce equality in 
the illumination of two adjacent surfaces by lights of the same 
colour, the result being expressed in terms of that illumination. In 
stellar photometry, except when extra-focal images are used, it is 
to compare the brightness of two point-sources of light, two stars, 
which may or may not differ in brightness and in colour, the result 
being expressed in terms of the difference between the psycho- 
physical sensations they produce, i.e., their difference of magnitude. 
The stellar photometer consequently differs greatly from the instru- 
ment used in general photometric work and being used generally as 
an accessory to a telescope, must be light, strong and compact. 
Aluminium should be used instead of brass wherever possible and 
for psychological reasons a construction is desirable in which the 
position of the measuring device cannot be known by touch. Moving 
parts must move smoothly and easily from end to end of their travel 
yet remain where set in any position of the instrument. 

Excluding photographic and photo-electric methods, both of 
which, especially the second, require such highly specialized equip- 
ment and technique as to put them out of the general field of ama- 
teur work, methods of instrumental photometry which are of par- 
ticular interest here are: 

(1) Extinction of the star, or rather, reduction of its light to the 
point where it is no longer visible against the surrounding sky. 

(2) Direct comparison with an adjacent star of known magni- 
tude, the light of one or other being varied to produce equality of 
brightness between them. 

(3) Indirect comparison through the medium of an artificial 
star. 

(4) Comparison of extra-focal images. 

Directly or indirectly these methods depend upon modification 
of the light of a star by a known or measurable amount. Among the 
ways in which the modification can be brought about are: 

(1) Reduction of the aperture of the telescope by (a) an iris 
diaphragm* placed in front of the objective; (4) a diaphragm having 


*SA good description of the construction of an iris diaphragm is given in 
Popular Mechanics, Shop Notes, v. 33, p. 74, 1937, under the title ‘‘Photo Spot’’. 
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a fixed opening movable along the optical axis of the telescope. 

(2) A calibrated wedge of light absorbing material such as 
neutral-tinted glass. 

(3) By polarizing the light from the star, then modifying or 
extinguishing it by means of an analyser. 

Following a discussion of these several ways of modifying the 
light of a star, their application in the above photometric methods 
and certain photometers will be described. 

(la) The first, reduction of the aperture of the telescope, depends 
upon the proportionality of the area of a circle to the square of its 
diameter. Other things being equal, an 8-inch telescope has four 
times the light-gathering power of a 4-inch. Putting it differently, 
a star will look four times as bright in an 8-inch telescope as it will 
in a 4-inch. 

In the case of reflectors, the diameter considered must be that 
corresponding to the net active area of the principal mirror, after 
deducting the area obscured by the secondary. 

Calling the light entering the telescope J when the net aperture 
is D, if by means of a diaphragm placed over the objective the 
effective aperture be reduced to d, the light 7 then entering the tele- 
scope is given by the relation 

4/I =d?/D*. 
Then, to express the ratio of brightness of the two lights in terms 
of their magnitudes, we have, since the number representing the 
magnitude of a light increases as the brightness of the light decreases, 
I/i =D? /d? =2.512°", 
whence Am =2.5 (log D? —log d?), 
=5 (log D—log d). 
For example, let D=6 in. and d= in. 
Then Am =5(log 6 —log 3), 
=5(0.7781 —0.4771) =1.505. 

Whence, if two stars appear equally bright when the effective 

apertures are D, and Dz, their magnitude-difference is expressed by: 
Am log 
= 5(log D,—log D2). 

This equation applies also when the apertures are those at which 
the respective stars just disappear. 

This method was used successfully by E. C. Pickering in cali- 
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brating his photometer “‘I'’*? and by Prof. Pritchard® for calibrating 
the wedge of the photometer used by him in measuring the visual 
magnitude of some 2,800 stars brighter than 6-5 mag. north of 
declination 10° south for the Uranometria Oxoniensis with the 4-inch 
telescope of the University Observatory. 

Unfortunately, because neither mirrors nor lenses are perfect 
and because light is diffracted in passing the edge of an object, the 
matter is not quite as simple in practice as this equation would 
indicate. Hassenstein*®! states that given a well-corrected object- 
glass, if the diameter of the aperture of the iris diaphragm is not less 
than two-thirds that of the objective, no serious error is involved in 
its use. But so general a statement cannot be accepted unhesi- 
tatingly since it has been shown experimentally by Dr. E. J. Spitta 
and others that, at least for small instruments, unless of very perfect 
figure, not only may the intensity of the light from a point-source 
not vary strictly as the square of the diameter of the aperture but 
the manner of its variation will depend upon the idiosyncrasies of 
the objective or mirror itself. That the figure of the individual 
objective has an important influence is apparent from the following 
results of Spitta’s investigations, to which has been added in Table 
VIII, line V, the result of tests made by Prof. Pritchard to obtain 
his wedge constant. It is interesting to note that his is the only 
instrument of those listed which showed a correct light-reduction. 


TaBLE VIII. Errors of Objectives 


Aperture Focal Diaphragm opening 


Telescope A length A/2 A/4 
Calculated am 

No. inches inches +1-51 +3-01 
Observed Am 

I 6:5 93 +1-33 +2-93 

II 3-2 46 1-30 2-19 

III 2-8 41 0-81 3-00 

IV 2-9 41 0-90 1:77 

V 4-0 1-51 


4977.A., v. 11, p. 214. 
50.N., v. 42, p. 1. 
51Hdbh. d. Astrop., v. 11/2, p. 584. 
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Before this simple method can be used with confidence, then, it 
is clear that the actual diameters of the diaphragm openings must 
be calibrated by observation on stars of known magnitude to obtain 
the corresponding effective values in which such errors are absorbed. 
The tests are simple and can be made with a wedge but should be 
carried out for the full range of openings to be used. 

Method 10 is of interest chiefly because it was used in preference 
to a wedge in magnitude determinations by Prof. Loewy and the 
brothers Henry at the Paris Observatory.” 

Their apparatus, which was reported to give satisfactory results 
over a range of at least five magnitudes, consisted simply of a dia- 
phragm pierced centrally with a small hole and fitting the telescope 
tube, together with means of moving it lengthways in the tube. 
With this device, neglecting diffraction and aberration, so long as 
the diameter of the cone of rays from the objective is greater than 
the diameter of the aperture in the diaphragm, the quantity of light 
passing the aperture will be inversely proportional to the square of 
the distance of the diaphragm from the focal point and we have, as 
before: 

i/I = D?/d? =2-5124" 
whence Am =2-512 log D?/d?, 
=5 (log D—log d). 

The second and at present perhaps the most popular way of 
reducing the light of a star is by means of a wedge. Originally the 
wedge was literally a tapering piece of homogeneous, neutral-tinted 
glass, about 6 or 8 inches long and 1/10 to 1/8-inch thick at one end 
and very thin at the other, having uniformly increasing density from 
end toend. To prevent refraction effects due to its prismatic shape 
and to strengthen it, this wedge was cemented with Canada balsam, 
thin end to thick end, to a similar wedge of clear glass, the whole 
forming a plate of uniform thickness. These wedges were expensive 
affairs. To-day satisfactory wedges are prepared by suitably grad- 
uated exposure of photographic film. Such wedges are made for 
example by the Eastman Kodak Company in several transmission 
ranges. A commonly used ratio is 1 to 100, corresponding to a 
range of 2-5 log 100=5 magnitudes. Standard sizes of the tinted 
area are 101.5, 152 and 20X3 cm. A clear margin of one inch 

2M.N., v. 42, p. 91. 
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is left at the ‘‘thick’’ end and somewhat less at the ‘‘thin” end. 
Because of reflection and absorption by the plates of optical glass 
between which the film is mounted, the actual range of transmission 
is less than these nominal values and the absorption in stellar magni- 
tudes consequently must be determined by test. 
For photometric purposes the usefulness of any light-absorbing 
material depends upon its property of absorbing a definite fraction 
of the light which impinges upon it, whether that light be bright or 
faint. Suppose light to fall vertically on a number of superposed 
plates of such absorbing material, of equal opacity P. Then, as the 
light entering each plate bears a constant ratio to the light leaving 
it, we may write J,/J, for the first plate =1,/J, for the second plate 
or, generally, 
=i /In=P ; 
from, which it follows that 
or generally =P”, 
or log Io/I,, =n log P ; 
but Am =2.5 log 
whence Am=2.5nlogP ........ (1). 
In an actual wedge the opacity is proportional to the distance 
from the thin (clear) end. Then, if the length of the wedge be 
divided into n scale divisions, we may substitute in equation (1) the 
number of scale divisions for the number of superposed plates, and 
dividing equation (1) by ” we have the difference of magnitude per 
scale division, which is the ‘‘wedge constant” =K, 
For example, suppose a given wedge when tested be found to 
have a transmission ratio J,,/J>=1/100. Then 
log Io/I, =log 100 = 2.000 
and the total difference of magnitude 
i AM max = 2.5 X 2.000 =5 magnitudes. 
Whence, if its length be divided into 100 scale divisions, 
K=5/100 =0.05 Am. 

Now, if ” be the number of scale divisions required to equalize 
the apparent brightness of two stars, one of which is seen through 
the wedge, their difference of magnitude 

Am=nK. 
In most cases little is gained by using a wedge having so large a 
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Before this simple method can be used with confidence, then, it 
is clear that the actual diameters of the diaphragm openings must 
be calibrated by observation on stars of known magnitude to obtain 
the corresponding effective values in which such errors are absorbed. 
The tests are simple and can be made with a wedge but should be 
carried out for the full range of openings to be used. 

Method 10 is of interest chiefly because it was used in preference 
to a wedge in magnitude determinations by Prof. Loewy and the 
brothers Henry at the Paris Observatory.” 

Their apparatus, which was reported to give satisfactory results 
over a range of at least five magnitudes, consisted simply of a dia- 
phragm pierced centrally with a small hole and fitting the telescope 
tube, together with means of moving it lengthways in the tube. 
With this device, neglecting diffraction and aberration, so long as 
the diameter of the cone of rays from the objective is greater than 
the diameter of the aperture in the diaphragm, the quantity of light 
passing the aperture will be inversely proportional to the square of 
the distance of the diaphragm from the focal point and we have, as 
before: 

i/I =D*/d? =2-5124" 
whence Am =2-512 log D?/d?, 
=5 (log D—log d). 

The second and at present perhaps the most popular way of 
reducing the light of a star is by means of a wedge. Originally the 
wedge was literally a tapering piece of homogeneous, neutral-tinted 
glass, about 6 or 8 inches long and 1/10 to 1/8-inch thick at one end 
and very thin at the other, having uniformly increasing density from 
end toend. To prevent refraction effects due to its prismatic shape 
and to strengthen it, this wedge was cemented with Canada balsam, 
thin end to thick end, to a similar wedge of clear glass, the whole 
forming a plate of uniform thickness. These wedges were expensive 
affairs. To-day satisfactory wedges are prepared by suitably grad- 
uated exposure of photographic film. Such wedges are made for 
example by the Eastman Kodak Company in several transmission 
ranges. A commonly used ratio is 1 to 100, corresponding to a 
range of 2-5 log 100=5 magnitudes. Standard sizes of the tinted 
area are 101.5, 15X2 and 20X3 cm. A clear margin of one inch 

2M.N., v. 42, p. 91. 
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is left at the ‘‘thick’’ end and somewhat less at the ‘“‘thin’’ end. 
Because of reflection and absorption by the plates of optical glass 
between which the film is mounted, the actual range of transmission 
is less than these nominal values and the absorption in stellar magni- 
tudes consequently must be determined by test. 

For photometric purposes the usefulness of any light-absorbing 
material depends upon its property of absorbing a definite fraction 
of the light which impinges-upon it, whether that light be bright or 
faint. Suppose light to fall vertically on a number of superposed 
plates of such absorbing material, of equal opacity P. Then, as the 
light entering each plate bears a constant ratio to the light leaving 
it, we may write J,/J, for the first plate =I,/J. for the second plate 
or, generally, 

=12/Is=I,-1 /I,=P ; 
from, which it follows that 
I, 
or generally J)/I,,=P”", 
or log Ip/I,, =n log P ; 
but Am =2.5 log Io/TI,,, 
whence Am=2.5nlogP ........ (1). 

In an actual wedge the opacity is proportional to the distance 
from the thin (clear) end. Then, if the length of the wedge be 
divided into scale divisions, we may substitute in equation (1) the 
number of scale divisions for the number of superposed plates, and 
dividing equation (1) by ” we have the difference of magnitude per 
scale division, which is the ‘‘wedge constant” =K, 

For example, suppose a given wedge when tested be found to 
have a transmission ratio J,,/J>=1/100. Then 

log Io/I, =log 100 =2.000 
and the total difference of magnitude 
AM max = 2-5 X 2.000 =5 magnitudes. 
Whence, if its length be divided into 100 scale divisions, 
K=5/100 =0.05 Am. 

Now, if m be the number of scale divisions required to equalize 
the apparent brightness of two stars, one of which is seen through 
the wedge, their difference of magnitude 

Am=nK. 
In most cases little is gained by using a wedge having so large a 
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transmission ratio, a ratio of 1/10 giving a range of 2-5 magnitudes 
is usually ample. 

A wedge can be calibrated in several ways. Perhaps the most 
satisfactory method, since the work is done under the conditions of 
use, is by comparing stars of known magnitude. The stars of the 
Hyades and Pleiades groups are frequently used for this purpose. 
Charts and magnitude tables of the Pleiades stars are available from 
the A.A.V.S.O. 

A second method, due to D. W. Rosebrugh, employs a standard 
make of photo-electric exposure meter and a 100-watt lamp. The 
arrangement is shown in Fig. 12. All but one of the slots of the 


Fig. 12.—Calibration of Wedge with Exposure Meter. 


exposure meter G are covered and a metal diaphragm having a slot 
of the same size is placed on the wedge W directly over the open slot 
of the exposure meter. JL is the lamp placed about one inch above 
the diaphragm D. In response to an enquiry, Mr. Rosebrugh states 
that, compared with the calibration curve derived from observations 
on the Pleiades stars, the exposure meter curve was systematically 
0.1 mag. higher, due probably to a zero error in the exposure meter. 

In a third method a stationary diaphragm with a narrow rectan- 
gular slot arranged at right angles to the length of the wedge is 
illuminated through a similar slot covered with ground glass and 
attached to a powerful electriclamp. As the lamp is moved towards 
and from the first diaphragm the intensity of the light striking the 
wedge will vary inversely as the square of the distance between the 
slots. 

The calibration of a wedge is a tedious job as the measurements 
must be repeated many times throughout its length, but unless 
accurately done, systematic errors will be introduced into all subse- 
quent work. An excellent check on the calibration is to measure 
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the magnitudes of three stars against one another, 1 and 2, 2 and 3, 
and 1 and 3. They should agree within 0-1 mag. or closer. 


Care of wedges. As the modern wedge consists of a gelatin film 
cemented between two pieces of optical glass it should be handled 
only by the edges and on no account be allowed to become damp or 
dirty. A wedge should never be washed with water, which would 
swell the film and force the plates apart, straining the wedge, allow- 
ing air to enter and spoiling the definition. Should a wedge become 
so dirty that it cannot be cleaned by gentle rubbing with a piece of 
fine, soft tissue paper after being breathed upon, the paper should be 
slightly moistened with denatured alcohol and gently rubbed over 
the faces only of the wedge. Alcohol must not be allowed to touch 
the edges of the wedge as it dissolves the cementing balsam. Before 
beginning to clean a wedge be sure that the surfaces of the glass and 
the tissue paper are free from grit.* 

The third way in which light can be modified is by polarization 
and subsequent analysis. Light is propagated as waves, the vibra- 
tions of which are at right angles to its direction of motion. Its 
intensity is proportional to the square of the amplitude of these 
vibrations. An example of vibration of this sort is given when a 
stone is dropped into a pool of still water. The waves travel horizon- 
tally outwards but a floating leaf merely moves up and down at 
right angles to the direction in which the waves are travelling. 
Light can be polarised, either by reflection or by refraction. 


Polarization by reflection. When a beam of ordinary light falls 
in a certain direction upon a plane reflector of black glass A (see 
Fig. 13), its vibrations become resolved into two separate beams, 
each of half the intensity of the original beam. These separate 
beams vibrate in two directions only which are at right angles to 
one another. One direction is parallel to the plane of the reflector. 
This beam is reflected as “‘plane polarized light’. The other beam 
is also polarized but instead of being retlected is refracted into the 
glass and absorbed in its blackness. 

If a second plate of black glass B, be placed as shown, parallel 


These notes are presented by courtesy of the Eastman Kodak Company. 
*Like methods should be followed in cleaning filters also. 
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to plate A, the reflected ray will again be reflected. But if the 
second plate be rotated from this position round the axis cc through 
any angle a (see the end-on view), the intensity of the reflected ray 
will be diminished in proportion to cos*a; the square of the cosine 
because the intensity varies as the square of the amplitude of the 
vibration. 

When the plate B has been turned through a right angle, as at D 
in the figure, cos 90° =0, no light will be reflected from it or rather, 
as polarization by reflection is never perfect, only a minimum 
quantity. 

D 


Fig. 13.—Polarization of Light by Reflector. 


The plate A, where the polarization of the light occurs, is called 
the ‘polarizer’ and the plate B, which demonstrates the fact of its 
polarization and serves to measure the intensity of the polarized 
light, is called the ‘‘analyser”’. 

It has been said that the polarization is not perfect. The degree 
of polarization suffered by the original beam of light depends upon 
the angle, ‘‘the angle of polarization’’, by which the direction in 
which the incident light differs from the normal to the plane of the 
polarizer. For glass the optimum angle is about 573°. 

Eyepieces utilising this means of polarization have been used 
successfully for solar observation but the great loss of light involved, 
about ninety per cent., renders it unsuited to photometric work on 
variable stars. 


(To be Continued) 
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TIME IN BIBLE TIMES 


By CHARLES FRANCIS POTTER* 


OU move into a different time-world from ours when you open 
your Bible. You find yourself in a much more leisurely 
atmosphere, where exact time-measurements are unknown and the 
calendar a very casual affair. A modern city-dweller, living in this 
mechanized age when minutes are important and when speed 
contests and radio have accustomed us to split-second timing, is 
surprised to learn that the words ‘‘minute’”’ and “‘second” are not 
found anywhere in the Bible. The patriarchs of the Old Testament 
and even the disciples of Jesus were time-wealthy and had no use 
for such small change. When hours, days, weeks, months and 
years are mentioned in the Scriptures, they seldom correspond 
exactly to our divisions of time with the same names. 

Neither the word ‘‘calendar’’ nor the word ‘“‘clock”’ is used in the 
Bible. Only one sun-dial is mentioned, and that belonged to a 
king. It was on this dial of King Ahaz that the prophet Isaiah is 
said to have caused the shadow to move backward 10 degrees as a 
sign to King Hezekiah. The story itself bears eloquent testimony 
to the naive ideas about time which then prevailed. Nobody in 
Isaiah’s day realized that the earth would have to reverse its 
motion if the shadow on the dial were to move backward. No one 
even dreamed that the result of such a reversal, had it really 
occurred, would have been a tidal wave that would have wiped 
Isaiah, King Hezekiah, the sun-dial, and all the inhabitants of 
Palestine out of existence! 

Today ‘‘time marches on”’ inevitably by regular measured steps, 
but in Bible days, for all that even the wisest men knew, time might 
loiter, stop altogether, or even go backward. There was nothing 
incongruous to them in the thought of Joshua commanding the 
sun to stand still until Israel was avenged of her enemies. They 
were blissfully unaware of the catastrophe to the whole solar system 
which would have ensued. 

Indeed, the very idea of measuring time with precision was 


*Author of The Story of Religion and Is That in the Bible? This article is 


taken from Journal of Calendar Reform, third quarter, 1940. 
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quite foreign to the ancient oriental mind. In dating an event, 
exactness did not matter. Again and again we read, ‘In the 
process of time it came to pass,” or “After a time he returned,” 
or ‘‘When he had been there a long time.”’ The great life-spans 
attributed to the patriarchs, sometimes over 900 years, show 
another example of carelessness of time-measurement. Probably 
we should drop a cipher to get the correct age. Otherwise we 
strain our credulity to believe that Noah was 500 years old when 
he “begat Shem, Ham and Japheth.” 

The concept of time itself, in an abstract sense, was very vague 
in the minds of those who wrote the Bible. Certainly the trans- 
lators have had their troubles in trying to make intelligible to us 
the peculiar ideas of time and duration of time which they found 
in the Hebrew and Aramaic and Greek originals. Young’s Con- 
cordance lists 16 different words—10 Hebrew and six Greek—which 
are translated ‘‘time”’ or ‘‘times.”’ 

The word “‘hour’”’ does not occur in the Old Testament until we 
come to the Book of Daniel, one of the last books written, and the 
only reason we find it in Daniel is because of a poor translation. 
The ancient Jews never thought in terms of hours. In the five 
places in Daniel where our Bibles have the word “hour,’’ the 
Aramaic word so translated is ‘“shaah,”’ which means literally 
“look” or ‘“‘glance’’ and should have been rendered ‘“‘moment”’ or 
“in the twinkling of an eye.” 

For instance, in the King James version, Daniel 3:6 reads: 
“And whoso falleth not down and worshippeth shall the same hour 
be cast into the midst of a burning fiery furnace.”” In Dr. Moffatt’s 
new translation, in place of “‘the same hour,” the word “instantly” 
is correctly used. 

When we come to the New Testament we find the word “‘hour”’ 
often enough, but it is not the hour that we now know. The 
length of time it indicates varies greatly. It may refer to an 
instant, to 45 minutes, an hour, an hour and a quarter, a period 
of three hours, a day, or even a season! 

The reason for these strange variations is the fact that during 
the time when the New Testament was being written, the word 
“‘hour”’ was in the process of evolution. It was still in a fluid state. 
Various meanings of the word were contending with each other for 
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popular acceptance. Greek, Roman and Jewish ideas of time- 
measurement were prevalent in Palestine at the same time. 

The word “hour”? comes from the Greek word “‘hora.”” The 
‘“‘Horae”’ were the three mythological goddesses of the seasons— 
spring, summer and winter. This was before autumn was recognized 
as aseason. Their names were Eunomia, Dike and Eirene, mean- 
ing Good Order, Justice and Peace, guardians of the orderly suc- 
cession of the processes of nature. 

“‘Hora”’ therefore meant “season”’ in a very general sense, almost 
synonymous with “a time.” It was simply a measurable lapse of 
time with a beginning and an end but with no uniform length of 
duration. That ancient Greek meaning of the word persisted into 
New Testament times even after “hora’’ came to be used also to 
mean a division of the day. Consequently, when the translators 
came across the word “‘hora,’’ they found it very difficult to deter- 
mine what English word to use. 

Several times they translated ‘“‘hora”’ as ‘‘day’’; several other 
times they rendered it ‘‘season,’’ and they were correct in so doing. 
But in some verses where ‘‘hora’’ should have been translated 
“moment” or “‘instant,’’ they rendered it “hour.” 

Even in the many places in the New Testament where the word 
“‘hora”’ is used to indicate a period of time somewhat corresponding 
to our modern hour, it should be understood by the Bible reader 
that the New Testament hour varied greatly in length. 

There were astronomers then, to be sure, who had carefully 
worked out the exact length of the day from their observation of 
the stars and the equinoxes, and had divided the day into 24 equal 
parts or hours, like the ones we use today. These they measured 
by a clever mechanical device which they called the clepsydra, 
literally the water-stealer, a primitive forerunner of the clock. 

But the common people of New Testament times, in their homes 
and in business, knew nothing of the day of 24 equal hours. To 
them the day was the period between sunrise and sunset, and that 
was divided into 12 equal parts called hours. Of course, the hours 
were therefore much longer in summer than in winter. In mid- 
winter their hour was equal to only three-fourths of one of our hours 
and in midsummer was as long as our hour and a quarter. But in 
their leisurely method of living, they did not worry about such 
small matters. 
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quite foreign to the ancient oriental mind. In dating an event, 
exactness did not matter. Again and again we read, “In the 
process of time it came to pass,” or “After a time he returned,” 
or “‘When he had been there a long time.’’ The great life-spans 
attributed to the patriarchs, sometimes over 900 years, show 
another example of carelessness of time-measurement. Probably 
we should drop a cipher to get the correct age. Otherwise we 
strain our credulity to believe that Noah was 500 years old when 
he “‘begat Shem, Ham and Japheth.” 

The concept of time itself, in an abstract sense, was very vague 
in the minds of those who wrote the Bible. Certainly the trans- 
lators have had their troubles in trying to make intelligible to us 
the peculiar ideas of time and duration of time which they found 
in the Hebrew and Aramaic and Greek originals. Young’s Con- 
cordance lists 16 different words—10 Hebrew and six Greek—which 
are translated ‘‘time”’ or ‘‘times.”’ 

The word ‘‘hour’”’ does not occur in the Old Testament until we 
come to the Book of Daniel, one of the last books written, and the 
only reason we find it in Daniel is because of a poor translation. 
The ancient Jews never thought in terms of hours. In the five 
places in Daniel where our Bibles have the word “hour,”’ the 
Aramaic word so translated is “shaah,’’ which means literally 
“look” or ‘‘glance’’ and should have been rendered ‘‘moment”’ or 
“in the twinkling of an eye.” 

For instance, in the King James version, Daniel 3:6 reads: 
“And whoso falleth not down and worshippeth shall the same hour 
be cast into the midst of a burning fiery furnace.’’ In Dr. Moffatt’s 
new translation, in place of ‘‘the same hour,”’ the word “instantly” 
is correctly used. 

When we come to the New Testament we find the word ‘“‘hour”’ 
often enough, but it is not the hour that we now know. The 
length of time it indicates varies greatly. It may refer to an 
instant, to 45 minutes, an hour, an hour and a quarter, a period 
of three hours, a day, or even a season! 

The reason for these strange variations is the fact that during 
the time when the New Testament was being written, the word 
‘hour’ was in the process of evolution. It was still in a fluid state. 
Various meanings of the word were contending with each other for 
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popular acceptance. Greek, Roman and Jewish ideas of time- 
measurement were prevalent in Palestine at the same time. 

The word “hour’’ comes from the Greek word “‘hora.”” The 
‘“‘Horae”’ were the three mythological goddesses of the seasons— 
spring, summer and winter. This was before autumn was recognized 
as a season. Their names were Eunomia, Dike and Eirene, mean- 
ing Good Order, Justice and Peace, guardians of the orderly suc- 
cession of the processes of nature. 

“Hora” therefore meant ‘‘season”’ in a very general sense, almost 
synonymous with ‘a time.’’ It was simply a measurable lapse of 
time with a beginning and an end but with no uniform length of 
duration. That ancient Greek meaning of the word persisted into 
New Testament times even after ‘‘hora’’ came to be used also to 
mean a division of the day. Consequently, when the translators 
came across the word “‘hora,”’ they found it very difficult to deter- 
mine what English word to use. 

Several times they translated “‘hora”’ as ‘“‘day’’; several other 
times they rendered it ‘‘season,’’ and they were correct in so doing. 
But in some verses where “hora’’ should have been translated 
‘“‘moment”’ or “instant,”’ they rendered it “‘hour.” 

Even in the many places in the New Testament where the word 
“thora”’ is used to indicate a period of time somewhat corresponding 
to our modern hour, it should be understood by the Bible reader 
that the New Testament hour varied greatly in length. 

There were astronomers then, to be sure, who had carefully 
worked out the exact length of the day from their observation of 
the stars and the equinoxes, and had divided the day into 24 equal 
parts or hours, like the ones we use today. These they measured 
by a clever mechanical device which they called the clepsydra, 
literally the water-stealer, a primitive forerunner of the clock. 

But the common people of New Testament times, in their homes 
and in business, knew nothing of the day of 24 equal hours. To 
them the day was the period between sunrise and sunset, and that 
was divided into 12 equal parts called hours. Of course, the hours 
were therefore much longer in summer than in winter. In mid- 
winter their hour was equal to only three-fourths of one of our hours 
and in midsummer was as long as our hour and a quarter. But in 
their leisurely method of living, they did not worry about such 
small matters. 
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Practically, too, Jesus’ contemporaries did not even bother very 
much with separate hours. They used mostly the third, sixth and 
ninth hours, meaning mid-forenoon, noon and mid-afternoon. Asa 
matter of fact, the first, second, fourth, fifth, eighth and 12th hours 
are never mentioned in the New Testament at all. The 11th hour 
is referred to twice, but in the same story; and the seventh and 
tenth hours are mentioned but once each. And in half the places 
where any hour is mentioned, it is prefaced by the word ‘‘about.”’ 
“About the ninth hour” is a common phrase, and meant evidently 
“along some time in the afternoon.” 

The night was divided into watches. In Old Testament times 
there were three—the evening watch, the middle watch and the 
morning watch. That usage carried over into the New Testament, 
but the Roman four-watch night was also coming into use. There 
is an interesting example in Mark 13:35, where all four watches 
are named, “‘Watch ye therefore: for ye know not when the master 
of the house cometh, at even, or at midnight, or at the cockcrowing, 
or in the morning.” 

The week is not very important in the Bible. It is mentioned 
only 26 times, while the month is referred to 250 times, the year 
834 times and the day 2,352 times. You would think that the 
week would be important, because it was popularly supposed that 
the seven-day week was ordained by Jehovah himself when he 
created the world in six days and rested on the seventh, thus 
establishing the Sabbath. But it is extremely probable that the 
Jews adopted the seven-day week, including the Sabbath, from the 
Babylonians, who probably got it from the four phases of the 
moon. Scholars are inclined to think that the Hebrew week was 
not derived from the Creation narrative, but vice versa. 

In the Old Testament, the word for week is ‘‘shabua,” from 
“sheba,”’ the Hebrew word for seven. In the New Testament, it 
is “‘sabbaton” or “‘sabbata,”’ meaning “from Sabbath to Sabbath.” 
The days of the week were not named like our Sunday, Monday, 
etc., but were numbered, save the seventh, the Sabbath. Since 
the week was also named the sabbath, there is some confusion in 
certain passages. The afternoon of the sixth day (our Friday 
afternoon) had a name of its own, “the preparation,”’ since at that 
time the Jews were preparing for the Sabbath. Our Sunday was 
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known as “‘the morrow after the Sabbath” or as ‘“‘the first day of the 
week” until the very end of the Bible, where we find the first use 
of a new name for it which later became very popular in the apostolic 
Christian Church. In Revelation 1:10 the author says, “I was 
in the Spirit on the Lord’s day.’”’ Even today many Christians 
prefer that name to Sunday, which they consider an unwarranted 
concession to heathen sun-worship. It was on “the first day of 
the week”’ that the Bible says that Jesus rose from the dead, so 
that day was chosen as particularly His. 

The Hebrew word for month was ‘‘chodesh,”’ which literally 
meant ‘‘new moon,” and was used because the month extended 
from one new moon to the next. It is difficult for the amateur 
student of the Bible to know just what time of year is meant when 
any month is mentioned, because there were in the Bible three 
different ways of designating the months—two sets of month- 
names besides the use of numbers. And even when numbers were 
used, the first month was not our January, but the latter part of 
March and the first part of April. Still further to confuse the 
student, the first month of the sacred year was the seventh month 
of the civil year. 

The oldest set of month-names used in the Bible was of Canaan- 
ite origin, and agricultural in character. Only four of these are 
mentioned. Abib, which means sprouting or budding, was the 
first month, and began with the new moon of March or April. It 
was the month of the spring equinox and was traditionally the time 
when the Jews came out of Egypt—the Passover time, or our Easter. 
It is mentioned four times in Exodus and twice in Deuteronomy. 

Zif, the second month, was the month of flowering, and is 
mentioned twice in First Kings. Ethanim, the seventh month, 
named only once, in First Kings, means “perennial” and was so 
named because it was the dry month, corresponding to our Sep- 
tember-October, when only the never-failing springs and streams 
flowed. Bul, the eighth month, also mentioned only once, in First 
Kings, was named for the ancient rain-god of the Canaanites, 
because in that month the fall drouth ended and the rains came. 

When the Jews went into the Babylonian exile in the Sixth 
Century B.C., they dropped the old names for the months and 
used numbers, but when they returned from the exile, they brought 
back with them the Babylonian month-names. 
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It was no longer Abib, or the first month, but Nisan, named for 
the Babylonian god of spring. One would have thought that the 
priests of Jehovah would have resented that. Then followed in 
order Iyyar, Sivan, Tammuz, Ab, Elul, Tishri, Marcheshvan, 
Kislev, Tebeth, Shebat and Adar. Of these 12 names, only seven 
are mentioned in the Bible—Nisan, Sivan, Elul, Kislev, Tebeth, 
Shebat and Adar. 

The Hebrew year, or ‘‘shanah,”’ was thus made up of 12 lunar 
months, but since the month, from new moon to new moon, was 
only 291% days, the lunar year contained only 354 days, and some 
sort of intercalation was necessary to bring it into line with the 
solar year of 36514 days. This was done by occasionally adding 
an extra month after the last month, Adar (February-March), and 
this extra month was named We-Adar, or Second Adar. The 
Babylonian cycle of introducing the intercalary month seven times 
in 19 years was adopted, but the calculating became so complicated 
that ordinary people simply accepted the official figures announced 
by the Sanhedrin, or Great Council. 

Of course, in New Testament times the Roman influence 
brought the Julian calendar to the attention of the Jews and 
Christians, but the old customs continued to prevail in Palestine. 
It seemed a betrayal of their religion for Jews to accept the Roman 
calendar, and the non-Jewish Christians adapted themselves to the 
situation as best they could. There is no evidence in the New 
Testament that the Julian calendar had been adopted by Christians. 

The old Jewish calendar of Bible days with its lunar year and 
complicated intercalation is still in use today as the sacred calendar 
of the synagogues, although the modern Jew perforce uses the 
Gregorian calendar in his business affairs. 

It would be a great step forward if both Jews and Christians 
were to adopt the proposed perpetual World Calendar of equal 
quarters, and relocate their holy days accordingly. 
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CHARTING THE PLANETARY PHENOMENA 


By SyLVAN HARRIS 


ABLES of planetary phenomena, showing conjunctions, 

oppositions, quadratures, maximum elongations, passings of 
the nodes, perihelia, etc., appear each year in many astronomical 
publications, and are very helpful in many ways. It is difficult, 
however, to gain from the tables a mental picture of the progression 
of the phenomena for a given body from month to month, or from 
one end of the year to the other, because of the chronological 
dispersion of the data for all the various bodies. 

A helpful means of following the phenomena is to plot the right 
ascensions against the dates. In Fig. 1 the heavy line is a curve 


R.A. 


we — 


Fig. 1.—Chart illustrating conjunctions, oppositions, elongations, etc., of 
the planets and the moon. 


so plotted for the sun, and is the locus of conjunctions of the 
planets and moon with the sun. (The curve is not straight, because 
of the variability of the earth’s orbital velocity.) 
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Lines parallel to and 6 and 12 hours above and below the sun 
curve are loci of quadratures and oppositions, respectively, and 
are drawn broken in Fig. 1. 

ORQC represents the right ascension curve of an outer planet. 
The various intersections with the other curves indicate some of the 
phenomena. At O the planet and the sun are in opposition; Q is 
the date of quadrature, and C of conjunction with the sun. The 
area above the sun curve represents eastern elongations; below 
the sun curve, western. 

Curves for Mercury and the moon (also sketched in Fig. 1) 
indicate a few additional phenomena. When the slope of a curve 
is positive the motion of the planet is direct; when negative, the 
motion is retrograde. Stationary points occur on dates when the 
slope is zero (S, S, Fig. 1). Superior conjunction with the sun 
occurs during direct motion and inferior during retrograde motion. 

As further shown in the sketch, the moon is new on the date 
when the moon curve intersects the sun curve, and full at the 
intersection of the locus of oppositions. It is in quarter phase at 
the points Qr. 

At P the moon and Mercury have the same right ascension; 
on that date the two are in conjunction; or, more popularly, the 
moon is said to be passing the planet. Similarly, the planet 
represented by ORQC is in conjunction with the moon at R and 
with Mercury at J. 

Other data, such as dates of maximum eastern and western 
elongations, perihelian and nodal passages, etc., not directly obtain- 
able from the construction, may be added for convenience of 
reference, the data being derived from usual almanac sources. 

Fig. 2 is a chart drawn according to the above-described prin- 
ciples, for the year 1941. For clarity the finer coordinate lines 
have been omitted, as well as the loci of quadratures and opposi- 
tions. A study of the chart reveals many interesting facts. For 
example, note the conjunction of Jupiter and Saturn on February 
20, the last event of the notable triple conjunction. Had the chart 
been extended back into 1940, the other two conjunctions would 
have appeared in similar manner. Such a chart cannot, of course, 
give the time of a phenomenon accurately in terms of a portion 
of aday. However, once the date is known, the precise time may 
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be obtained by interpolation in the almanac or by redrawing a 
small portion of the chart on a large scale. 

In addition to indicating the various phenomena, the chart 
shows also the positions of the planets and the moon on any date 
of the year. 


222 Centre Avenue, 
New Rochelle, N.Y. 
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THE OBSERVING OF AURORAE 
By Rutu J. Nortucortr 


LTHOUGH systematic observation of aurorae has been carried 

out in Norway since 1910, under the supervision of Professor 

Carl Stormer, very little of a similar nature had been done on this 

continent before 1938. At this time the study of aurorae was under- 

taken by C. W. Gartlein of Cornell University, in collaboration with 

the National Geographic Society. Now the members of the American 

Association of Variable Star Observers are also co-operating in the 

observing of aurorae. Mr. E. A. Halbach is the chairman of the 
Auroral Committee. 

Two members of the Royal Astronomical Society of Canada, Mr. 
Bert Topham of Toronto and Mr. Jack Grant of Orillia, are regular 
observers of aurorae. “Sporadic descriptions are also of value. 
Figure 1 is a drawing by M. J. Edgar Guimont of the Montreal 
Centre of an auroral display observed by him on 1940 November 12, 
at 9.45 p.m. E.D.S.T. The aurora extended from the northern hori- 
zon to the zenith. Rays and draperies formed and disappeared in an 
active display that lasted some ten minutes. The colour of the 
draperies varied from creamy yellow to pale green. The rays at the 
left of the drawing rose to about the altitude of Vega. The rays were 
most active in the region between Eta Ursae Majoris and Vega. 

More observers are needed to aid in this study; particularly are 
they needed in Nova Scotia, New Brunswick and western Canada. 
The following description of aurorae and the method of recording 
them may act as a.guide for those who wish to co-operate in this field 
of observation. 

A complete description of an auroral display must include a record 
of the form, brightness, colour, movements and pulsations of the 
aurora, as well as the location of the observer and the time. The 
place of observation is an important matter for record since aurorae 
occur in our own atmosphere and are most frequently observed at a 
height of about 60 miles. The kind of time used in the record 
should be stated. The record should give the times of appearance 
of the various forms, of the changes in them, when the rays appear 
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or disappear and when pulsations appear or stop. A record of the 
frequency of the pulsations is of value. 

Phenomena such as relatively quiet arcs and bands, isolated rays 
and diffuse surfaces should be carefully plotted on star maps. The 
centre of the corona should also be plotted for it is important in the 
study of the earth’s magnetic field. 


Fig. 1—An aurora seen in Montreal on November 12, 1940, at 9.45 
p.m. E.D.S.T. 


Drawn by J. Edgar Guimont. 


The colour of the aurora should be given. Yellow-green is the 
colour most commonly observed, but the colour may range anywhere 
from deep red to blue-violet. 

The brightness or intensity of the aurora may be given by noting 
the magnitudes of stars just visible through the aurora without optical 
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aid. A second system estimates the intensity on a scale of four. 
Intensity I, faint, is about as bright as the Milky Way. Intensity II, 
medium, is the brightness of a thin moonlit cirrus cloud. Intensity 
III, bright, is as bright as a moonlit cumulus cloud. Intensity IV, 
brilliant, approximates in brightness to direct moonlight. 

The photography of aurorae is another important method of 
recording the position of an aurora. Since aurorae usually move 
about in the sky relatively short exposure times are desirable. Minia- 
ture cameras with lenses of £/4.5 or faster are best for this work. 
Films such as Eastman Tri-X Panchromatic and Super XX, and 
Agfa Superpan Press and Ultra Speed have been found satisfactory. 
Exposure times can vary from one second to three minutes, until the 
aurora shows motion. The following exposures for the various 
intensities for an f{/2 lens may be a guide: 


Exposure time, 


Intensity {/2 lens 
I At least 3 minutes 
II 1 minute 
Ill 15-20 seconds 
IV 3-5 seconds 


Films should be developed to give maximum speed. 

The following is a description of auroral forms and their standard 
abbreviations as given by C. W. Gartlein in the 1941 January number 
of “The Sky”. 


G Glow. A faint glow near the horizon, resembling the dawn, usually 
white or greenish colour but sometimes red. This is often the upper part of 
an arc whose lower border is below the horizon. 

HA Homogeneous Arc. The arc is usually diffuse above and sharply 
defined below. It may be near the horizon or quite isolated high in the sky. 
Sometimes several parallel arcs occur and may be connected at one end by a 
sharp curve. The colour is usually greenish-yellow or nearly white. The arc 
often gradually climbs up the sky and may later have a very luminous irregular 
lower border and soon after break into rays (type RA). The arc is usually 
set almost at right angles to the magnetic meridian. Often only parts of arcs 
are visible. 

HB Homogeneous Band. This band has a more irregular form than the 
homogeneous arc. It may vary from narrow to very wide. The lower border 
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is often irregular and sharply defined. It may sometimes consist of a segment 
of approximately semicircular shape which may move across the sky in the 
direction of the usual arcs HA. The band may have folds and resemble a large 
curtain. These usually change into bands with ray structure (type RB). The 
colour is usually bluish-white. 

PA Pulsating Arc. Arcs, or parts of them, may flash up and disappear 
rhythmically with a period of 1 to 30 seconds. The colour is usually bluish-green. 

DS Diffuse Surface. A diffuse veil or glow, often over large parts of the 
sky. It may resemble clouds and often appears after rays or curtains. The 
colour may range from violet-white to an intense red. 

PS Pulsating Surface. A diffuse patch or surface which appears and dis- 
appears rhythmically. Near the zenith the boundary may be sharper. Often 
appears with or as part of a flaming aurora (type F). 

RA Rayed Arc. An arc with ray structure. A quiet homogeneous arc 
often becomes very luminous and then breaks into rays. The rays may be 
short or long and may vary in brightness along their length. 

RB Rayed Band. A band with ray structure. |Resembles the band type 
HB but composed of rays. The rays may be close together or scattered along 
the band. Several parallel bands may appear. Near the magnetic zenith the 
bands may form a corona. 

D Draperies. When bundles of rays become long the band often assumes 
the form of a curtain or drapery. The lower border is often more luminous. 
Near the zenith they have a fanlike form or partial corona. 

R Rays. Rays resemble searchlight beams in a dusty atmosphere. The 
rays may appear isolated or in great bundles. They are usually greenish- 
yellow but may be red. Rays often appear with other auroral forms. 

C Corona. When rays approach the magnetic zenith they seem to con- 
verge to a point because of perspective. The corona may be formed by long 
or short rays, by bands, or by draperies. 

F Flaming Aurora. A quick-moving form consisting of waves of lumin- 
osity moving toward the zenith or of invisible waves which cause parts of arcs, 
bands or patches to appear and disappear rhythmically. Often appears after 
strong displays of rays and curtains and is often followed by the formation of a 


corona. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


CyrENE: BirTHPLACE OF ERATOSTHENES, 276-196 B.C. 


The advance of the Imperial armies to Cyrene recalls the time 
when that city was a home of learning and the capital of Pentapolis, 
a tract of country containing the five cities Cyrene, Arsinde, Berenice, 
Ptolemais (or Barce) and Appolonia. Cyrene was the birthplace of 
several learned men, among whom was Eratosthenes, the geometer 
and mathematician. A personal friend of Archimedes, Eratosthenes 
was educated at Alexandria and Athens, and for the greater part of 
his life was in charge of the University library at Alexandria. He 
was, says Ball, the Admirable Crichton of his age. He constructed 
instruments which were used for centuries at the University of 
Alexandria, suggested the calendar in which every fourth year con- 
tains 366 days, determined the obliquity of the ecliptic, measured the 
length of a degree on the earth’s surface and attempted to determine 
the circumference of the earth. In old age he lost his sight, and starved 
himself to death at the age of eighty-two. (Nature, February 15, 
1941.) 


Doctors AND Doctors! 


In an American magazine it is stated that a maid in the household 
of the well known physicist, Dr. R. A. Millikan, of the “Cal. Tech.” 
(where the great 200-inch mirror is being ground) was heard to say 
on answering the telephone: “Yes, this is where Dr. Millikan lives, 
but he isn’t the kind of doctor that does anybody any good.” 

Which recalls an incident that took place some years ago at a 
summer settlement on the eastern shore of the Georgian Bay in lati- 
tude 45 degrees. The cottagers are all connected more or less closely 
with the University of Toronto and there is in the neighbourhood a 
profusion of “doctors’—M.D., D.D., Ph.D., D.D.S., D.Paed., and 
others. At that time the milk was brought from a farm a couple of 
miles away by a French Canadian in a small motor boat. He loved to 
delay a minute or two at the landing for a bit of gossip. 

One day a new family arrived to occupy a vacant cottage, and 
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shortly afterwards when the milk-boat came to an old friendly cot- 
tager’s place the following conversation took place: 

Pierre: Who is it who came last Thursday to be in Mr. W’s 
house? 

D. Paed.: Oh, that is Dr. X. of Toronto. 

Pierre: Is he a bogus doctor, too? 

D. Paed.: Yes, he’s a bogus doctor, too! 


REMARKABLE OBSERVATIONS, TO SAY THE LEAST 


I. The place is King William Island, about latitude 70 degrees, 
where the writer, Gontran de Poncins, a French ethnographer, spent 
upwards of a year in a camp of the Netsilik, the most primitive tribe 
of Eskimos in Canada. His account appeared in the Atlantic Maga- 
zine (December 1940) and afterwards in book form: 

I am learning, incidentally, that when a thing really freezes it does not like 
to thaw out again. One evening I opened a tin of peas and put the peas, tin 
and all, into a pot of water on the stove. The water boiled and bubbled for ten 
minutes, after which I took the tin out, thinking there would be nothing left in 
it. The contents were an absolute block. I broke the block into three pieces 
and put them back into the boiling water. The result was no better. Finally 
I had to chop the frozen mass into tiny bits before it would even begin to melt. 

II. In this case the place was in Mongolia, some distance north- 
west of Peking, in about latitude 42 degrees. Messrs. Huc and Gabet, 
two Lazarist missionaries, made a long tour in Asia during which 
they spent some months in the “forbidden city” of Lhasa. The 
former published their experiences in a very interesting book, 
“Travels in Tartary, Thibet and China during the years 1844-5-6”. 
(English translation by Hazlitt, about 1850) : 

Hail is of frequent occurrence in these unhappy districts, and the dimensions 
of the hailstones are generally enormous. We have ourselves seen some that 
weighed twelve pounds. One moment sometimes suffices to exterminate whole 
flocks. In 1843, during one of these storms, there was heard in the air a sound 
as of a rushing wind, and therewith fell, in a field near a house, a mass of ice 
larger than an ordinary millstone. It was broken to pieces with hatchets, yet, 


though the sun burned fiercely, three days elapsed before these pieces entirely 
melted. 


STONES FROM HEAVEN—BY PLUTARCH (ABOUT A.D. 46-120) 


In Plutarch’s ‘‘Lives”’ there is a discussion on certain stones 
which were said to have fallen from the sky, which still has an 
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interest for twentieth-century readers. The quotation which 
follows is from Dryden's edition as it appears in Everyman’s 
Library, vol. 2, p. 123, and was kindly sent in by Mr. D. P. Gillmor, 
K.C., Montreal. 


Some, therefore, looked upon the result as a divine intervention, and there 
were certain who affirmed that the stars of Castor and Pollux were seen on each 
side of Lysander’s ship, when he first set sail from the haven toward his enemies, 
shining about the helm; and some say the stone which fell down was a sign of 
this slaughter. For a stone of a great size did fall, according to the common 
belief, from heaven, at A2gos Potami, which is shown to this day, and held in 
great esteem by the Chersonites. And it is said that Anaxagoras foretold that 
the occurrence of a slip or shake among the bodies fixed in the heavens, dis- 
lodging any one of them, would be followed by the fall of the whole of them. 
For no one of the stars is now in the same place in which it was at first; for they, 
being, according to him, like stones and heavy, shine by the refraction of the 
upper air round about them, and are carried along forcibly by the violence of 
the circular motion by which they were originally withheld from falling, when 
cold and heavy bodies were. first separated from the general universe. But there 
is a more probable opinion than this maintained by some, who say that falling 
stars are no effluxes, nor discharges of ethereal fire, extinguished almost at the 
instant of its igniting by the lower air; neither are they the sudden combustion 
and blazing up of a quantity of the lower air let loose in great abundance into 
the upper region; but the heavenly bodies, by a relaxation of the force of their 
circular movement, are carried by an irregular course, not in general into the 
inhabited part of the earth, but for the most part into the wide sea; which is the 
cause of their not being observed. Daimachus, in his treatise on Religion, 
supports the view of Anaxagoras. He says, that before this stone fell, for seventy- 
five days continually, there was seen in the heavens a vast fiery body, as if it 
had been a flaming cloud, not resting, but carried about with several intricate 
and broken movements, so that the flaming pieces, which were broken off by 
this commotion and running about, were carried in all directions, shining as 
falling starsdo. But when it afterwards came down to the ground in this district, 
and the people of the place recovering from their fear and astonishment came 
together, there was no fire to be seen, neither any sign of it; there was only a 
stone lying, big indeed, but which bore no proportion to speak of, to that fiery 
compass. It is manifest that Daimachus needs to have indulgent hearers; but 
if what he says be true, he altogether proves those to be wrong who say that a 
rock broken off from the top of some mountain, by winds and tempests, and 
caught and whirled about like a top, as soon as this impetus began to slacken 
and cease, was precipitated and fell to the ground. Unless, indeed, we choose 
to say that the phenomenon which was observed for so many days was really 
fire, and that the change in the atmosphere ensuing on its extinction was attended 
with violent winds and agitations, which might be the cause of this stone being 
carried off. The exacter treatment of this subject belongs, however, to a different 
kind of writing. 
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MEETINGS OF THE SOCIETY 


AT WINNIPEG 


January 8, 1941.—The regular meeting of the Winnipeg Centre was held in 
the University of Manitoba. The president, Mr. L. W. Koser was in the chair. 

Mr. R. D. Colquette’s five minutes of ‘Astronomy in the News’ summed 
up some of the new facts found during the past year. Five comets visited our 
system, of which four were new, and the one discovered by Cunningham was 
supposed to be the most spectacular. Four supernovae and fifteen white dwarfs 
were added to previous lists. Six more stars were added to the fluorescent group. 
The total eclipse of the sun, visible in South America, was not perfectly cloudless 
but useful observations of the corona and other phenomena were made. 

Comments by members noted, (1) that the former largest star, Antares, 
is now the fourth largest; (2) the ‘‘planetesimal theory,” in the light of new 
information, is untenable; (3) there is a prospect in the future of seeing the corona 
at other times than that of a sun’s eclipse. 

The speaker of the evening was the Society's well-loved mentor, Dr. L. A. H. 
Warren. His subject was ‘‘Comets.”’ He began by showing fine slides of many 
of past comet visitors. Several of these slides showed the disintegration of 
comets’ tails. This scattered material is believed to give rise to showers of 
meteors at the time when our earth crosses the comets’ old orbits. Again we 
have a meteor shower when the earth passes through a comet’s tail. This 
happened in 1910 when Halley's comet visited us last. 

The discovery of the Cunningham comet was then related. The expectation 
of a spectacular comet was justified when the law relating to a comet's brightness 
was applied. This law states, ‘‘The brightness of a comet varies inversely as 
the fourth power of its distance from the sun,”’ but Cunningham's comet proved 
a disappointment. 

The spectrum of other comets have shown the presence of carbon, nitrogen, 
sodium and oxygen but a study of Cunningham's comet is thought to show the 
presence of hydrogen. 

Members joined in the discussion which followed this interesting lecture. 

A. ARMSTRONG, Secretary. 


February 12, 1941.—The regular meeting was held in the University of 
Manitoba. The president, Mr. L. W. Koser, was in the chair. 

Mr. R. D. Colquette’s “Astronomy in the News” said that three comets 
iad been discovered in January. The third of these, of fourth magnitude, should 
be visible in the south-western sky now. Dr. Fritz Zwicky of Pasadena has a 
theory that super-novae transform atoms into neutrons, with tremendous 
liberations of heat and energy. Afterwards they would collapse and become 
more dense than white dwarfs, of which a handful of material weighs thousands 
of tons. Even light would be pulled back by gravity so that several super- 
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novae, which he thinks may be within ten light years of the earth, cannot be 
seen. 

The speaker of the evening was Prof. W. A. Anderson, of the University of 
Manitoba. His subject was “Cosmic Rays”. 

He introduced the topic by demonstrating the escape of power from an 
electroscope. This discharge, even from a lead-shielded electroscope, proved 
the existence of a new unexplained power, research of which commenced in 1903. 

In Canada investigators included Rutherford and Cooke at McGill and 
McLennan and Burton at Toronto. By 1914 investigators all over the world 
had come to some conclusions,—the cosmic rays did not originate in the sun 
nor in the upper atmosphere but perhaps in interplanetary space. 

An improved electroscope in 1922 allowed Millikan to progress still further. 
By 1925 he said cosmic rays were very complex. They had four penetrating 
powers, the hardest of which had eighteen times the penetrating power of 
X-rays. All rays arose from the creation of heavy atoms out of light hydrogen 
atoms. Energies correspond to H,, O,,, Si,,, Fe,,. From 1926 to 1931 
further research added a great deal of confusing data. By 1931 Compton 
started his work which resulted in his saying that the magnetic field of the 
earth deflected the cosmic rays which fell across the magnetic lines of force so 
that the equatorial regions received far fewer cosmic rays than the polar regions. 

New apparatus was able to show the effect of positive and negative rays. 
Energy up to several billion electron-volts was found. New technique helped 
investigators to identify protons, photons, alpha rays, positrons, neutrons, 
deuterons and mesotrons and to speculate about negatrons, neutrinos and 
neutrettos. 

The origin of cosmic rays seems to be in the vast realms of space where 
matter is being changed into energy. The spectroscope shows nebulae to be 
abundantly supplied with boron, carbon, nitrogen, oxygen, aluminium and 
silicon and cosmic energy corresponds with energy produced by these elements. 
The galactic rotation should make that part of the earth which is rushing for- 
ward encounter more cosmic rays than other parts. This fact has been proved. 

In the future, cosmic rays may become the reference by which the speed of 
motion is determined. Mutations in evolutionary processes may have their 
explanation in cosmic rays. Undreamed of power lies before man when the 
physicist has solved the cause of cosmic rays. 

Lengthy discussion testified to the excellence of the lecture. 

Outve A. ArMstrONG, Secretary. 


March 12, 1941.—The regular meeting of the Royal Astronomical Society 
of Canada, Winnipeg Centre, was held in Theatre “F” of the University of 
Manitoba. The president, Mr. L. W. Koser, was in the chair. 

The speaker of the evening was Mr. V. C. Jones who demonstrated and 
explained the uses of his latest Planetarium. Four members of the R.C.A.F. 
stationed at Rivers, Manitoba, had flown in to hear of this aid to navigation. 
Their presence showed the practicability of the invention to the members of 
the Society. 
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The latest model Planetarium has many novel improvements over the 
original model exhibited a year ago. Greater precision is obtained and more 
uses found for it than before. It has possibilities as a navigation instrument. 
It consists of a globe representing the earth, which stands still, and an hour 
ring suitably marked, revolving once in 24 hours. It tells the time—both 
standard and local—simultaneously at any place. The hour ring carries on it 
a celestial sphere representing the sky, on which are marked the stars, the 
ecliptic, lines of right ascension and declination, etc. One can easily find the 
altitude and direction of any star and its geographical position when its right 
ascension and declination are known. One can transfer a star location from any 
of these three systems of co-ordinates to either of the other two instantly, mak- 
ing solution of many astronomical, surveying and navigation problems easy and 
quick without using mathematics. 

The improvements increase its usefulness. By an arrangement of gears the 
celestial sphere travels at exact speed; therefore keeping correct sidereal time 
automatically. Means are provided for adjusting the sun and moon for 
declination. The globe is lighted from within. There is an inner shield to cause 
darkness on one half the globe to represent the night hemisphere. A case hides 
one half the globe presenting to view only the visible celestial hemisphere. A 
graduated horizon is shown on the case. An altitude indicator makes it easy 
to read off the altitude and azimuth of any star directly. 

It can be used to find one’s location from astronomical observation where 
simplicity and speed are of prime importance. The accuracy of a two-foot model 
is about nine miles. It is useful in teaching navigation by exact mathematical 
calculation. A scale on the celestial sphere shows the sidereal hour angle in 
degrees westward from the vernal equinox. This being in the same sense as 
west longitude makes it easier to establish one’s position than by using right 
ascension in hours eastward. 

The Planetarium is attracting increased attention. It has been exhibited 
to Conventions of registered surveyors, Airplane Travel Companies and the 
R.C.A.F., and twice to this branch of the R.A.S.C. 

Many questions were asked after the lecture. Some of those especially 
interested remained after the regular meeting to further discuss the Planetarium. 

Ouive A. ArMstronc, Press Secretary. 


AT TORONTO 


February 4, 1941.—The Society met in the McLennan Laboratory, Univer- 
sity of Toronto, at 8.00 p.m., Dr. D. W. Best in the chair. 

The “Electron Microscope” was described by Mr. W. A. Ladd, M.A., 
research assistant in physics, University of Toronto. This new development 
will undoubtedly lead to many important discoveries in science, the speaker 
said. Using electrons instead of light, this microscope would reveal to the 
camera matter many times more minute than that which could be seen or photo- 
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graphed by means of the ordinary light microscope. The high resolving power 
theoretically permitted objects as small as .03A to be studied. (1A=10-8cm.) 
Because of “lens” imperfections and other factors, however, the smallest 
diameters so far observed to advantage were around 30 to 40A. Matter entirely 
invisible in the ordinary microscope could be photographed, Mr. Ladd said, 
adding that every hospital and clinic would soon find a use for the electror 
microscope, for instance in the study of very small bacteria and viruses. 

Mr. J. R. Collins then gave an outline of “Stellar Classifications,” defining 
doubles, clusters, and galaxies, and the spectroscopic classification of stars. 


F. L. Troyer, Recorder. 


February 18, 1941.—The Society met in the McLennan Laboratory, Univer- 
sity of Toronto, at 8.00 p.m., Dr. D. W. Best in the chair. 

Mr. H. G. Duncalfe provided an explanation to the question submitted at 
the previous meeting, “Does atmospheric refraction make the Sun and Moon 
look larger or smaller when at the horizon?” Because of optical illusion and 
other factors, he explained, they often appeared larger when near the horizon, 
but refraction actually made them look smaller. As the horizon is approachéd 
the index of refraction of the atmosphere increases rapidly, thus the lower limb 
of the object is raised more than the upper. This resulted in a reduction in the 
apparent vertical diameter of the object, making it appear actually smaller. 

In the absence of Capt. Hj. Riiser-Larsen of the Royal Norwegian Naval 
Air Force who had been scheduled to speak, Mr. J. R. Gibbs presented an 
illustrated lecture on Amundsen’s conquest of the South Pole. He traced the 
progress of the expedition from the outfitting of the Fram in Norway, to the 
trip across the great Antarctic ice barrier, over glaciers, crevasses and moun- 
tains, to the vicinity of the pole. 

Mr. Tracy D. Waring then spoke on “Binary and Multiple Stars,” and 
described the characteristics of visual, eclipsing and spectroscopic binaries and 
optical doubles. 

F. L. Troyer, Recorder. 


March 4, 1941.—The Society met in the McLennan Laboratory, University 
of Toronto, at 8.00 p.m., Dr. D. W. Best in the chair. 
Three candidates were duly elected to membership in the Society: 
Floyd Crawford, 40 Macdonnell Avenue, Toronto 
Wales G. Jackson, 484 Oriole Parkway, Toronto 
David W. Holland, 358 Spadina Road, Toronto 
Dr. Best led the “question and answer period” in which one part of the 
audience competed against the other in providing most proofs for the curvature 
of the earth, and its rotation. 
Mr. J. R. Collins then gave a talk on “The Borderlands of Physics and 
Astronomy,” describing how astronomical ideas had influenced the development 
of physics, and vice versa. “The physicist must turn in his concept of the atom 
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to astronomy,” he said. A study of molecular expansion might explain the 
phenomena of super-novae, he suggested. 

“Why does an observatory need a machinist?” was explained by Mr. 
Gerald F. Longworth, who is mechanician at the David Dunlap Observatory. 
He described the equipment at the Observatory, including the machine and car- 
penter shops and the lens grinding room. Small instruments were built there, 
and adjustments made when necessary, he said. The machinist also helped in 
the routine work in the dome, such as guiding the great telescope for specto- 
graphic work, and, like the astronomers, rarely saw the “wonders of the starry 
heavens” except in books and photographs. He described in some detail the 
construction of the mirror for the Schmidt camera and the blink comparator for 
variable star study. 

F. L. Troyer, Recorder. 


March 18, 1941.—The Society met in the McLennan Laboratory, University 
of Toronto, at 8.00 p.m., Dr. D. W. Best in the chair. 

George T. Dale, 553 Donlands Avenue, Toronto, was duly elected to 
membership. 

Dr. A. T. DeLury then spoke on “The Role of Mathematics in Astro- 
nomical Discovery.” Just as many mathematical achievements resulted from 
an interest in astronomy, so many astronomical discoveries owed their success 
in part to mathematics, he said. He described how the early Greeks “heaped 
epicycles upon epicycles” in their attempts to explain a geocentric solar system, 
and their study of conic sections for the sheer aesthetic satisfaction it gave the 
ancient geometers. Some of the ancients had ideas of a heliocentric universe 
but even in those days there was “an ignoble passion for power,” he said. As 
a result of this rule by the state, it remained for Copernicus, centuries later, 
to develop this idea. Then he and his followers had to fight against both church 
and state before they could get people to believe it was the sun and not the 
earth “that ran the show,” Dr. DeLury said. “But the reaction was like the 
discovery of a new world; the whole scheme of things was opened wide for 
the thinking man.” Johann Kepler made his calculations without computing 
machines and logarithms, but he brought in his famous laws that showed the 
planets moved in elliptical orbits and not circles. One of the greatest triumphs 
of mathematical achievement in the domain of astronomy was the discovery of 
the planet Neptune, and later Pluto, by calculating their supposed positions 
by otherwise unexplainable effects on the other planets, he said. He concluded 
with a quotation from Virgil: “Happy is he who is able to arrive at the causes 
of things.” 


F. L. Troyer, Recorder. 
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First Vice-President—Capt. WM. EVERALL Second Vice-President—O. M. PRENTICE 
Secretary-Treasurer—Miss PuHorese Rippie, B.A., 804 Seymour Avenue 
Recorder—K. O. Wricut, Px.D. Librarian—Muitss C. HAILSTONE 
Council—Wa. Hospay; Miss Y. LANGwortuy; J. M. McHutcuon; Dr. A. MCKELLAR; Miss 
M. OvrpHant; J. Smita, M.Sc.; W. M.A. 


MONTREAL CENTRE 
Honorary President—Mor. C. P. CHOQUETTE 
President—FRaNK J. DEKINDER Vice-President—G. Harper HALt 
Secretary-Treasurer—HENRyY F. HALL, Sir George Williams College, 1441 Drummond St. 
Council—Dr. C. C. BircHarp; A. M. DonneLty; O. A. Ferrier; G. R. LiGntTHatt; W. E. 
Lyman; F. P. MorGan; E, R. Paterson; J. ADDISON Reip; Dr. A. N. SHAw. 


LONDON CENTRE 


Honorary H. R. KiInGston Past Presideni—Rev. W. G. CoLcGrove 

President—T. C. BENSON Vice-President—Dr. G. R. MAGEE 

RANDAL H. Cote, University of Western Ontario 

CuLBert; E. E. O'Connor; Rev. M. E. Conron; Mrs. H. Davipson; Mrs. 
. E. Woop. 


VANCOUVER CENTRE 
Honorary President—DEAN Daniel. BUCHANAN President—Capt. C. A. MACDONALD 
Vice-President—Dr. A. M. CROOKER Treasurer—Mrs. LAURA ANDERSON 
Recording Secretary—Dr. K. C. MANN 
Corresponding Secretary—Dr. H. D. Smitu, University of British Columbia 
Council—C. JorGENSEN; Mrs. C. A. Rocers; E. C. Turupp; F. R. A. Outram; Dr. 
R. Hutt; C. E. Bastin; N. D. B. Patties; Dr. G. M. VoLKorr. 


EDMONTON CENTRE 
Honorary President—J. W. CAMPBELL, Pu.D. President—H. R. LEAVER 
Vice-President— Mrs. J. A. CLARKE Secretary—E. H. Gowan, Pu.D., University of Alberta 
Treasurer—E. N. HIGINBOTHAM Librerian—E. Ss. Pu.D. 
Council—Joun Biue; C. G. WatTES; Miss A. M. P. Smita; C. P. WittoucHsy; A. B. McKim. 
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AMATEUR TELESCOPE MAKERS 


The war-time wark in the optical industry has 
created an urgent need of workmen qualified to 
grind, finish, and test optical surfaces. Will those 
amateurs in Canada who have made one or more 
mirrors or lenses communicate with the under- 
signed, giving their experience in optical work, 
present occupation and qualifications? 


R. K. YOUNG, 


Director, David Dunlap Observatory 
Richmond Hill, Ont. 


P 
j 
4 | 4 
q 
4 
4 
3 
4 
4 : 
— 
y 
a 
4 
4 


